The results of the identification of 933 strains of Gram-negative, aerobic, rod-shaped, fermentative bacteria ( Enterobacteriaceae, Pasteurellaceae, Vibrionaceae) by a probabilistic method, in a computer, are given. The identification rate on the matrix was 89.2%. Many of the strains were atypical and had caused difficulty in identification in medical diagnostic laboratories. The results are given for each taxon by genus and species.
construction of the matrix, as there were few or no constant (0.99/0.01) characters which would differentiate between them (see also results on individual taxa). The combined taxa are given in the footnote to Table 1 . A strain was identified to the combined taxon if the two taxa appeared as first and second choice and the sum of their identification scores was greater than 0.999.
Strains. The results obtained using the revised matrix for the identification of 933 strains collected between 1965 and 1983 are reported. The aim was to include at least 10 strains of each taxon (if available), and the type strain (if there was one and if available) was always included. Many of the strains were from culture collections, and many others were designated strains from experts in the relevant group of bacteria, but for commonly encountered taxa, in particular, a number of recent clinical isolates were also included. Many of the reference strains from experts in the relevant group were also comparatively recent clinical isolates.
Identification procedure. We did not identify each strain independently by conventional means. Type strains, strains from culture collections and those from experts in the relevant groups were taken as correctly designated. The remaining strains used to evaluate the matrix were identified only by the computer method using the original matrix of Bascomb et al. (1973) , although subject to final assessment by us. All strains were then assigned to taxa in the matrix. In several cases it was the same strains used to compile the matrix which were used to evaluate it (generally with the more recently described taxa of which few strains were readily available to us).
The strains were identified by computer using the revised matrix and the results were analysed. A strain was considered to be correctly identified where the computer identification agreed with the strain designation; a strain was incorrectly identified when the computer identification and strain designation did not agree. Strains for which the identification score did not reach the threshold identification level were considered not identified.
Excluded from this study were any strains which could not be identified on the original matrix; such intermediate or highly unusual strains are discussed by Lapage et al. (1973) . Also, strains of taxa not in the matrix were not included.
Statistical evaluation. The quality of the matrix was tested by two statistical programs. Program OVERMAT (Sneath, 1980b) measures the overlap between pairs of taxa in the matrix. For each pair the extent and statistical significance of the overlap were determined. Groups which show unacceptably large overlap with others can thus be found. Program MOSTTYP (Sneath, 1980~) calculates the best identification score possible for a theoretically most typical member of the taxon (hypothetical median organism, or HMO).
RESULTS AND DISCUSSION

Identijication of strains
The success of computer identification of the various taxa on the revised matrix is given in Table 2 . The results show that a total of 89.2% of strains were identified correctly on the revised matrix; these included all the strains belonging to 68 (62%) of the 110 taxa, and 90% or more of the strains of a further 15 (14%) taxa.
Separate taxa Names appearing below in quotation marks were not in the Approved Lists of Bacterial Names (Skerman et al., 1980) and have not been validated subsequently. The nomenclature we have followed is in general accord with the Approved Lists, although where two (or more) names which are clearly synonyms exist on the Lists we point this out at the appropriate place, but we do not consider it appropriate to discuss here our reasons for preferring one name over another. However, if our reasons are published elsewhere then we give the appropriate reference. Our nomenclatural usage closely follows that given in Bergey's Manual of Systematic Bacteriology (Brenner, 1984) .
Acinetobacter. Strains belonging to this genus are non-fermenters but A . calcoaceticus was included in the fermenter matrix because it gives a negative reaction in the oxidase test and produces acid from glucose and some other carbohydrates in peptone water sugars. Since it shares these characters with members of the Enterobacteriaceae it seemed prudent to include this species in the fermenter matrix. The species can be easily excluded from the Enterobacteriaceae by its oxidative reaction in the O/F test and its failure to reduce nitrate; but, not all laboratories carry out these tests routinely. All 10 strains of the species were correctly identified.
Actinobacillus. Three species were included -A . equuli, A . lignieresi and A . suis. All three strains of the latter taxon were correctly identified. For A . equuli and A . lignieresi, however, only 7/10 and 8/10 strains respectively were correctly identified. For two of the three strains of A . equuli which were not identified, A. equuli was the highest scoring taxon, but identification was 99  89  99  10  1  2  98  68  1  1  1  5  94  1  1  1  99  1  33  1  75   1   2  3  2  97  99  5  1  5  10  1  1  1  80  99  13  1  91  85  1  1  89  83  1  0 prevented by the scores for Pasteurella haemolytica A. For the remaining strain, A . equuli was neither the highest nor second highest scoring taxon, so perhaps this strain was incorrectly designated as A . equuli. For the two strains of A . lignieresi which were not identified, A . lignieresi was the highest scoring taxon, but identification was prevented by the scores for A . equuli or Pasteurella ureae.
A . actinomycetemcumitans and A . capsulatus were not included in the matrix, as strains of the former do not grow aerobically on nutrient agar and strains of the latter were unavailable for study.
Aeromonas. Two species were included -A . hydrophila and A . salmonicida. We include strains of ' A . formicans' in A . hydrophila, and eight out of 10 strains of this species were correctly identified. A . hydrophila had the highest identification score in both of the remaining strains, but identification at the level of 0.999 was prevented by the score for Vibrio cholerae in one strain and the score for Vibriufluvialis biovar 2 (= V. furnissii) in the other. All strains of A . salmonicida were identified successfully. A . punctata, although appearing on the Approved Lists was not included in the matrix as strains were unavailable for study.
Buttiauxella. The only species, B. agrestis , was included and all strains identified successfully. The success in identifying strains of this taxon was unexpected, as the genus Kluyvera (see below) was also included in the matrix and phenotypically the two taxa are very similar (Gavini et al., 1983).
CDC Group EF-4. This unnamed taxon, first described by Tatum et al. (1974) , is recovered predominantly from human animal bite wounds and has also been commonly recovered from the oral cavity or respiratory tract of dogs; the organism appears to cause respiratory infections in animals debilitated or under stress (Holmes & Ahmed, 1981) . The taxon is divided into two biovars, one arginine-positive and generally gelatin-positive, the other arginine-negative and generally gelatin-negative, and they may represent separate species (Holmes & Ahmed, 198 1) . All strains of the arginine-positive biovar were identified correctly, five of the 12 as a composite group with CDC Group EF-4 arginine-negative biovar. Of the 10 strains of the latter taxon, only three were identified correctly -one as a composite group with CDC Group EF-4 argininepositive biovar. In six of the seven remaining strains, CDC Group EF-4 arginine-negative biovar had the highest identification score, but identification at a level of 0.999 (either alone, or as a composite group with CDC Group EF-4 arginine-positive biovar) was prevented almost exclusively by the score for Neisseria denitrijicans. For the final strain N . denitrijicans achieved the highest identification score and CDC Group EF-4 arginine-negative biovar the second highest.
Cedecea. Five taxa were included, the three named species C. davisae, C. lapagei and C. neteri uiulaceum. All strains of both species were correctly identified. C.fluviatile is an aquatic species. 
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Citrobacter. Three species were included -C. amalonaticus, C. freundii and C. koseri. C. diversus and Levinea malonatica are generally recognized as being synonymous with C. koseri and we prefer to use the name C. koseri for this organism (for reasons, see Holmes et al., 1974) , although the name C. diversus is more commonly used in the USA. C. amalonaticus appeared on the Approved Lists as Levinea amalonatica but the species was subsequently transferred to Citrobacter by Farmer (1 98 1).
C. amalonaticus and C. freundii are not easily distinguished and the probability figures in the matrix for these two species were based on relatively few strains (see Holmes & Hill, 1985) . All 11 strains of C. amalonaticus were identified correctly although for three it was as a composite group with C. freundii. Of the 12 strains of C. freundii, 11 were identified correctly, two as a composite group with C. amalonaticus. For the remaining strain, C. freundii achieved the highest identification score, but identification at the level of 0.999 was prevented by the score for Kluyvera spp. All 10 strains of C. koseri were identified correctly.
Edwardsiella. Four taxa were included -E. hoshinae, E. ictaluri and E. tarda together with E. tarda biogroup 1, a distinct biovar from snakes (Grimont et al., 1980; . Two species appeared on the Approved Lists: E. arzguillimortfera and E. tarda. Since both species have the same type strain, they are synonymous and until the nomenclatural question is settled we use the more familiar name E. tarda. E. hoshinae (Grimont et al., 1980) was isolated from birds, reptiles and water and E. ictaluri (Hawke et al., 1981) was isolated from catfish, where it causes septicaemia. All strains of all four taxa were identified correctly with the exception of one strain of E. hoshinae, where the score for E. tarda biogroup 1 prevented identification at the level of 0-999.
Enterobacter. Six species were included -E. aerogenes, E. amnigenus (Izard et al., 1981 b), E. cloacae, E. gergoviae , E. intermedium (Izard et al., 1980) and E. sakazakii . E. amnigenus and E. intermedium occur in soil and water, and all the remaining species occur in human clinical specimens. The name Enterobacter agglomerans is commonly used in the USA for the organism that we have included in the revised matrix under the name Erwinia herbicola.
All strains of E. amnigenus, E. gergoviae, E. intermedium and E. sakazakii identified correctly on the revised matrix, whereas for E . aerogenes and E. cloacae the identification rate was 90% and 53 % respectively. There are two probable reasons for the poor identification of strains of E. cloacae, (i) the inclusion of several additional, phenotypically similar, species in the revised matrix and (ii) the rather broader definition of E. cloacae in the revised matrix because many of the strains used to compile the matrix figures were atypical. For the one strain of E. aerogenes that failed to identify, this taxon had the highest identification score, but identification at the level of 0.999 was prevented by the score for Klebsieffa pneumoniae subsp. aerogenes. E. cloacae had the highest identification score for each of the seven strains of this species that were not identified, but identification at the level of 0.999 was prevented by the scores for Cedeaea lapagei, Cedecea species 3, Enterobacter gergoviae (two strains), Erwinia herbicola (two strains) and Rahnella aquatilis.
Erwinia. Only E. herbicola was included, and all strains were identified correctly. Several other Erwinia species were not included in the matrix mainly because they are not known to occur in human clinical specimens and partly because further elaboration is required of the classification of the Enterobacter agglomeranslErwinia complex.
Escherichia. Six species were included -E. adecarboxylata, E. blattae, E. coli, E. fergusonii, E.
hermannii and E. vulneris. Except for E. blattae, from the hind-gut of cockroaches (Burgess et d., 1973) , all the other species occur in human clinical specimens, including the more recently described E. hermannii (Brenner et al., 1982a) and E. vulneris , both of which are predominantly associated with wounds, as well as E. fergusonii (Farmer et al., 1985b) which is predominantly from faeces.
With the exception of E. coli, all strains of the other five species were identified successfully on the revised matrix. For E. coli only 10 of the 15 strains were correctly identified. For four of tlhe five remaining strains E. coli had the highest identification score, but identification at the level of 0.999 was prevented by the scores for Klebsiella pneumoniae subsp. ozaenae (two strains), Shigella sonnei and Shigella spp. (not sonnei). For the remaining strain; Shigella spp. (not sonnei) achieved the highest identification score, but E. coli had the second highest score. The distinction between E. coli and Shigella is one of convenience (Brenner et al., 1973) . Since the two taxa are not phenotypically distinct, intermediate strains are bound to occur and such strains will always prove difficult to identify to one or the other taxa. In the revised matrix, anaerogenic, non-motile, lactose-negative strains, formerly included in the 'Escherichia : Alkalescens-Dispar' group are included in E. coli, which is taxonomically their correct place. However, since the latter strains show a particularly close biochemical similarity to Shigella strains, we added to the matrix certain additional tests (listed in Methods) to aid in the differentiation of E. coli from Shigella species. This strategy was not altogether successful, as the identification rate for E. coli on the revised matrix was only 66.7%.
Hafnia. The only species of this genus, H . alvei, was included and all but one strain were correctly identified. For the strain which did not identify, H . alvei had the highest identification score, but identification at the level of 0.999 was prevented by the score for Escherichia blattae.
Klebsiella. Six taxa were included -K. oxytoca, K . pneumoniae subsp. aerogenes (= ' K . aerogenes'), K. pneumoniae subsp. ozaenae ( = K . ozaenae), K . pneumoniae subsp. pneumoniae (= K. pneumoniae), K . pneumoniae subsp. rhinoscleromatis (= K . rhinoscleromatis) and K . terrigena. All taxa are recovered from human clinical material except for K . terrigena, which comes from soil and water (Izard et al., 1981 a) . The reasons for the nomenclature adopted are described by Holmes & Gross (1983) . The only other Klebsiella species appearing on the Approved Lists is K . mobilis. This is synonymous with Enterobacter aerogenes (they have the same type strain) and the species is included in the revised matrix under the latter name.
Although strains of both taxa were included in the same cluster by numerical taxonomy (Bascomb et al., 1971) it was felt inappropriate to include 'K. aerogenes' and K. oxytoca in the revised matrix as a single taxon, or even allow identification to a composite group between them, as these two taxa are so unrelated that they should, despite their close phenotypic similarity, probably be placed in separate genera (Jain et al., 1974) . K . terrigena was indistinguishable from 'K. aerogenes' on the tests in the matrix, so growth at 5 "C and at 42 "C were added to the matrix to assist in differentiating these two taxa. Because of this problem of attempting to differentiate between phenotypically indistinct species, the unsatisfactory identification rate for klebsiellas on the revised matrix was not unexpected.
The identification rate was high for K . pneumoniae subsp. ozaenae (10/12 = 83.3%), K . pneumoniae subsp. pneumoniae (10/11 = 91 %; one strain was identified as a composite group with K . pneumoniae subsp. aerogenes) and K . pneumoniae subsp. rhinoscleromatis (1 1/11 = 100%). For the two strains of K . pneumoniae subsp. ozaenae that were not identified, this taxon had the highest identification score, but identification at the level of 0.999 was prevented by the score for K . pneumoniae subsp. aerogenes in one strain and the score for K . pneumoniae subsp. rhinoscleromatis in the other. For the one strain of K . pneumoniae subsp. pneumoniae that was not identified, K . pneumoniae subsp. aerogenes had the highest identification score and K . pneumoniae subsp. ozaenae the second highest, so perhaps this strain was originally incorrectly designated as K. pneumoniae subsp. pneumoniae. For K. terrigena, 6/7 of the strains were identified correctly; for the remaining strain, K . terrigena had the highest identification score, but identification at the level of 0.999 was prevented, as expected, by the score for K . pneumoniae subsp. aerogenes. Also, as expected, the identification rate for K . oxytoca was poor; only 3/11 strains were identified correctly. For one of the eight remaining strains, K . terrigena had the highest identification score and K . oxytoca the second highest score. For the other seven strains, K . oxytoca had the highest identification score, but identification at the level of 0.999 was prevented by the score for K. pneumoniae subsp. aerogenes in five strains and by the score for K . pneumoniae subsp. pneumoniae in the other two. Similarly, for K . pneumoniae subsp. aerogenes, only 5/12 (41.7 %) strains were identified correctly (one as a composite group with K . pneumoniae subsp. pneumoniae). For each of seven remaining strains, K . pneumoniae subsp. aerogenes obtained the highest identification score, but identification at the level of 0.999 was prevented by the scores for E. gergoviae (one strain), K . pneumoniae subsp. ozaenae (one strain) and, as expected, K . oxytoca (five strains). If we had included ' K . aerogenes' and K . oxytoca in the revised matrix as a single taxon and allowed that taxon to identify to a composite group with K . pneumoniae subsp. pneumoniae, then the identification rate for strains of ' K . aerogenes' and of K . oxytoca would probably have been 20/23 (87%; including three strains identified as a composite group with K . pneumoniae subsp. pneumoniae). Two Klebsiella species have been described since the revision of the matrix was completed, X . planticola from aquatic and botanical environments (Bagley et al., 1981) and K . trevisanii from water and soil (Ferragut et al., 1983) . It seems likely that these two species may prove to be synonymous.
Kluyvera. The most common source for Kluyvera strains is sputum, where they are probably not clinically significant (Farmer et al., 198 1) . The two species, K . ascorbata and K . cryocrescens, are not easily separated on routine conventional tests and they were therefore combined in a single taxon in the matrix as Kluyvera spp. All strains of this genus were identified correctly.
Morganella. The only species, M . morganii, was included and all strains were identified correct 1 y .
Neisseria. Two species, N. denitrijicans and ' N . pharyngis', were included in the revised matrix because strains examined yielded a fermentative reaction in the O/F test. Strains of 'N.
pharyngis' also produced acid in peptonelwaterlsugar medium from glucose, maltose arid sucrose. A third species, N. mucosa, also produces acid from these carbohydrates, but until the relationship between N . mucosa and 'N. pharyngis' is clarified we have included only 'iV. pharyngis' in the revised matrix.
No strains of N . denitrijicans identified correctly. For all three strains, N . denitrificans achieved the highest identification score, but identification at the level of 0.999 was prevented in each case by the scores for CDC Group EF-4 arginine-negative biovar. Since these two taxa are so unreactive in the tests in the matrix it is not surprising that they interfere in each other's identification. Five out of six strains of 'N. pharyngis' were identified correctly. For the remaining strain, 'N. pharyngis' had the highest identification score, but identification at the level of 0.999 was prevented by the score for Actinobacillus lignieresi.
Obesumbacterium. The only species, 0. proteus, was included ; the species is currently divided into two biogroups which are not closely related to each other, despite their phenotypic similarity (see Table 1 ). Strains of biogroup 1 are synonymous with H . alvei (Brenner, 1981) and may be regarded as strains of this species which have become adapted to the brewery environment. Strains of biogroup 2 should be placed in a separate genus from strains of biogroup 1. All strains of both biogroups were correctly identified.
Pasteurella. Ten taxa were included in the revised matrix, seven of which were named species. They comprised P . aerogenes, the Pasteurella bovine lymphangitis (BL) group of Jayaraman & Sethumadavan (1974), P . gallinarum, P . haemolytica (divided into two biovars A and T), P. multocida (divided into typical strains and atypical strains, the latter commonly recovered from human animal bite wounds and which ferment only glucose and sucrose), P . pneumotropica, P.
testudinis (a parasite of desert tortoises; Snipes & Biberstein, 1982) and P . ureae. P . gallicida was not included in the revised matrix as it is an earlier synonym, but less well-known, of P. multocida (they have the same type strain). All strains of the Pasteurella BL group, P . gallinarum and P. testudinis were correctly identified. We must, however, record some reservations regarding P . gallinarum, as our two reference strains of this species (NCTC 11 187 and 11 188) were not originally obtained from a recognized culture collection. The strains differ in certain reactions from the original description given by Hall et al. (1959, perhaps due to differences nn test methods or to some error in the designation of the strains.
For four of the remaining seven taxa, all but one strain of each were correctly identified, giving identification rates in the range 90 to 90.9%. For the one strain of P . aerogenes not correctly identified, this taxon achieved the highest identification score, but identification at the level of 0.999 was prevented by the score for ' N . pharyngis'. One of the strains of P . haemolytica T .
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that correctly identified did so as a composite group with P . haemolytica A. For the one strain of P. haemolytica T not correctly identified, this taxon had the highest identification score, but identification at the level of 0.999 was prevented by the score for P. ureae, and for the one strain of P . pneumotropica not correctly identified, P. gallinarum prevented a score of 0.999. For the one strain of P. ureae not correctly identified, this taxon achieved the highest identification score but identification at the level of 0.999 was prevented by the score for 'Neisseria pharyngis'. Of the 10 strains of P. haemolytica A, six were correctly identified, none as a composite group with P. haemolytica T. For the four strains not correctly identified, P. haemolytica A achieved the highest identification score, but identification at the level of 0.999 was prevented by the scores for P. ureae in three strains and Actinobacillus lignieresi in the remaining strain.
Of the 18 strains of P. multocida, 13 were correctly identified, one as a composite group with P. multocida (atypical). For only one of the fi've remaining strains did P . multocida achieve the highest identification score, but identification at the level of 0.999 was prevented by the score for P. pneumotropica in this strain. For two further strains, P. pneumotropica achieved the highest identification score and P. multocida the second highest score. Further work would appear to be necessary on the differentiation of P . multocida and P . pneumotropica, especially as the distinction between these two species has become increasingly blurred with the receipt of so many atypical strains of these taxa. For a further strain, P. multocida (atypical) achieved the highest identification score and P. multocida the second highest score, but the sum of their scores was insufficient to permit identification to a composite group at the level of 0.999. For the final strain, P. haemolytica T had the highest identification score and P. galfinarum the second highest score, but this was an atypical lysine-positive strain of Frederiksen's P . multocida biotype 1 from a guinea pig.
Of the 10 strains of P. multocida (atypical), seven were correctly identified, five as a composite group with P. multocida. For each of the three remaining strains, P . multocida (atypical) achieved the highest identification score. For one of these three, P . multocida had the second highest score, but the sum of their scores was insufficient to allow identification as a composite group at a level of 0.999. For the other two strains identification at the level of 0.999 was prevented by the scores for P. pneumotropica.
Plesiomonas. The only species, P. shigelloides, was included and all strains were correctly iden ti fied.
Proteus. Four named species were included of which one was further subdivided into two biogroups. The five taxa comprised P . mirabilis and P . myxofaciens (a pathogen of gypsy moth larvae), whilst P. vulgaris was divided into three biogroups as proposed by Hickman et al. (19823) . These three biogroups are similar phenotypically but are distinct by DNA homology. The name P. penneri has been propbsed for biogroup 1; no name has yet been proposed for biogroup 2 and as the type strain of P. vulgaris belongs to biogroup 3 then the name P . vulgaris will remain with that biogroup. Other Proteus species appearing on the Approved Lists are included in the matrix under other names. P . inconstans is a senior, though less well-known, synonym of Providencia alcalifaciens (they have the same type strain). P . morganii is included as Morganella morganii and P . rettgeri is included as Providencia rettgeri.
All strains of P. mirabilis were correctly identified. The only strain of P. myxofaciens was also correctly identified. Since P. vulgaris was divided into the three biogroups, it was expected that the identification rates would not prove entirely satisfactory. In particular it was expected that strains of biogroups 2 and 3 would not be easily differentiated, as the most useful conventional tests for separating them are aesculin hydrolysis and salicin fermentation and only the latter is included in the matrix. Several composite group linkages were allowed (Table 1) in an effort to reduce the problem. Following this strategy, all strains of P . penneri were correctly identified, two as a composite group with P. vulgaris biogroup 3. All strains of P . vulgaris biogroup 2 were also correctly identified, one as a composite group with P. vulgaris biogroup 3. Four out of six strains of P. vulgaris biogroup 3 were correctly identified, two as a composite group with P. penneri. For both the remaining strains, P. vulgaris biogroup 3 achieved the highest identification score. For one, P. penneri had the second highest score, whilst for the other P.
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vulgaris biogroup 2 had the highest score, but in neither case was the sum of the scores sufficient to permit identification to a composite group at the level of 0,999.
Prouidencia. Three taxa were included -P . alcalifaciens, P . rettgeri and P . stuartii. Recently., P. alcalifaciens has been divided into two species (Hickman-Brenner et al., 1983) . Strains fermenting adonitol but not D-galactose are retained in P. alcalifaciens, whilst strains giving the converse results in these two tests are now placed in P. rustigianii. These findings became known to us too late for the two taxa to be separated in the matrix, and so there is a single taxon in the revised matrix based on a mixture of P . alcalifaciens/P. rustigianii strains. In any case, to have included the two species separately in the revised matrix would have presented problems, since only adonitol fermentation was included in the matrix. All strains of all three Providencia taxa included in the revised matrix were correctly identified.
Pseudomonas. Strains belonging to this genus are non-fermenters but P . pseudomallei it; included in the matrix because strains of this species produce acid from glucose and some other carbohydrates in peptone/water/sugar media. Since P . pseudomallei shares this characteristic with fermentative organisms, it seemed prudent to include this clinically important species in the fermenter matrix. The species can be easily excluded from the fermenters by its oxidative reaction in the O/F test, but not all laboratories carry out this test routinely. All 10 strains of the species were correctly identified.
Rahnella. The only species, R. aquatilis , was included and all 10 strains wer,e correctly identified. This species has been isolated from water and non-polluted soil.
Salmonella. Eleven taxa were included -S . choleraesuis, ' S . ferlac', ' S . gallinarum', '3;. paratyphi A', ' S . pullorurn', Salmonella subgenera I, 11,111 (= S . arizonae) and IV, S . typhi and '5'. typhisuis'. The names S . enteritidis and S . typhimurium also appear on the Approved Lists. All the above named Salmonella 'species' belong in subgenus I, but they are entered separately in the matrix if they have particular biochemical characteristics which distinguish them from each other and from other serovars retained in subgenus I.
All strains of 'S. gallinarum', ' S . paratyphi A', ' S . pullorum', Salmonella subgenus 111, S . typlii and ' S . typhisuis' were correctly identified. For four strains of Salmonella subgenus I11 identification was to a composite group with Salmonella subgenus 11. For S . choleraesuis and Salmonella subgenus IV all but one strain of each were correctly identified, giving identification rates of 90% for both taxa. For the strain of S. choleraesuis not correctly identified, this taxon had the highest identification score, but identification at the level of 0.999 was prevented by the score for Salmonella subgenus I. Similarly, for the strain of Salmonella subgenus I V not correctly identified, this taxon had the highest identification score, but identification at the level of 0-999 was prevented by the score for Salmonella subgenus I.
Two of the four strains of ' S . ferlac' were correctly identified, one as a composite group with Salmonella subgenus 11. For the two remaining strains, ' S . ferlac' achieved the highest identification score, but in each case identification at the level of 0.999 was prevented by t hLe score for Salmonella subgenus I.
Of the 14 strains of Salmonella subgenus I, 11 were correctly identified, six as a composite group with Salmonella subgenus 11. For two of the three remaining strains, Salmonella subgenus I had the highest identification score and Salmonella subgenus I1 the second highest, but for both cases the sum of their scores was insufficient to permit identification to a composite group. For the remaining strain, Salmonella subgenus I again achieved the highest identification score, but identification at the level of 0.999 was prevented by the score for S . choleraesuis.
Seven of the nine strains of Salmonella subgenus I1 were correctly identified, three as a composite group with Salmonella subgenus 111. For both the remaining strains, Salmonelr'a subgenus I1 achieved the highest identification score. For one, Salmonella subgenus I had the second highest score, but the sum of the scores was insufficient to permit identification to a composite group. For the second strain, identification at the level of 0.999 was prevented by the score for Salmonella subgenus IV.
Serratia. Eight taxa were included, comprising S. jicaria, S. fonticola, S. liquefaciens, S. marcescens, S . marinorubra, S . odorifera (divided into its two separate biovars) and S. plymuthica. S. rubidaea is a synonym of S . marinorubra (they have the same type strain). S . proteamaculans and the more recently described S . grimesii (Grimont et al., 1982) are indistinguishable from S. liquefaciens in routine biochemical tests, but since both species will be encountered so rarely in human clinical specimens no attempt has been made to include them in the revised matrix. S. jicaria is associated with figs and fig wasps (Grimont et al., 1979) ; S. fonticola comes from water , as does S. plymuthica. S. marinorubra is also associated with the aquatic environment but occasionally strains are found in human clinical material. S . odorifera was described from human clinical isolates but the organism is apparently rarely encountered in a clinical setting. The Serratia species of major clinical interest are thus S . liquejizciens and S . marcescens.
All strains of S . fonticola, S . liquefaciens, S. marcescens and S . odorifera biovars I and I1 were correctly identified. Eight of the ten strains of S.$caria were correctly identified. For each of the two remaining strains, S . jicaria achieved the highest identification score, but identification at the level of 0.999 was prevented by the score for S . plymuthica. Nine of the ten strains of S. marinorubra were correctly identified. For the remaining strain, S. marinorubra achieved the highest identification score, but identification at the level of 0.999 was prevented by the score for S . plymuthica. Of the strains of S . plymuthica, only seven were correctly identified. For each of the three strains not identified, S . plymuthica achieved the highest identification score, but identification at the level of 0.999 was prevented by the scores for E. herbicola in one strain, S . ficaria in another and S . liquefaciens in the remaining strain.
Shigella. Two taxa were included--.
sonnei and Shigella spp. (not sonnei) (the latter containing S . boydii, S . dysenteriae and S . Jlexneri).
Of the 10 strains of S. sonnei, seven were correctly identified. For each of the three remaining strains, S . sonnei achieved the highest identification score, but identification at the level of 0.999 was prevented by the score for Shigella spp. (not sonnei) in two strains and by the score for S . pullorum in the remaining strain. For the one strain of Shigella spp. (not sonnei) that was not identified, this taxon achieved the highest identification score, but identification at the level of 0-999 was prevented by the score for Pasteurella BL group.
Tatumella. The only species, T. ptyseos (Hollis et al., 1981) , was included. Most isolates were recovered from human sputum specimens. All strains were correctly identified.
Vibrio. Nine species were included -V. alginolyticus, V . anguillarum, V. cholerae (including the so-called non-cholera vibrios belonging to serovars of V. cholerae other than OI), V.Jluvialis (formerly V. juuialis biovar I), V. furnissii (formerly V. fluvialis biovar 11), V . metschnikouii, V. mimicus, V . parahaemolyticus and V . uuln$cus. Other Vibrio species appearing on the Approved Lists were not included in the revised matrix because they are not known to occur in human clinical specimens. Several other Vibrio species have also been described comparatively recently, including some from human clinical specimens, such as V . damsela (Love et al., 198 1) and V . hollisae (Hickman et al., 1982a) , but they were not included in the matrix as reference cultures were unavailable for study. All the Vibrio species included in the matrix occur in human clinical material except V. anguillarum.
All strains of V . alginolyticus, V. anguillarum, V.Jluvialis, V. mimicus, V . parahaemolyticus and V . uulnzjcus were correctly identified. In V.Jluuialis, three of the strains were identified to a composite group with V . furnissii. In V. cholerae and V . metschnikouii, only one strain of each taxon was not identified, giving respective identification rates 90.9% and 88.9%. For the one strain of V . cholerae not identified, this taxon achieved the highest identification score, but identification at the level of 0.999 was prevented by the score for V. furnissii. For the one strain of V. metschnikouii not correctly identified, this taxon achieved the highest identification score, but identification at the level of 0.999 was prevented by the score for V. alginolyticus. Eight of the I 1 strains of V . furnissii were correctly identified. Of the three remaining strains, one misidentified as V . cholerae; this was the only known misidentification observed in our evaluation of the revised matrix. For a further strain, V . cholerae achieved the highest identification score and V. furnissii the second highest score. V.fluvia1i.s and V. furnissii are not very distinct from each other, nor are V. furnissii and V. cholerae. The only consistent character separating V.fluvialis and V . furnissii is that strains of the former are said to be anaerogenic and strains of the latter aerogenic (Brenner et al., 1983) . However, all reference strains of both V/.fluviulis and V . furnissii examined by us proved to be anaerogenic! For the remaining strain, V. furnissii achieved the highest identification score, but identification at the level of 0-999 was prevented by the score for A. hydrophila.
Xenorhabdus. The two species were included -X . luminescens and X. nematophilus. These organisms are of no clinical interest at present as they have so far been isolated only from certain nematodes and from the insect larvae they parasitize. All strains of both species were correctly identified. However, only the latter test is included in the matrix and a composite group had to be allowed between Y . intermedia and Y . frederiksenii. Y. kristensenii differs from Y . enterocolitica and the other species previously included in Y. enterocolitica in giving negative results in the Voges-Proskauer test and in sucrose fermentation. Since both these tests are in the matrix, few problems were encountered in the successful identification of strains of this species, although a composite group had to be allowed between Y . kristensenii and Y. enterocoliticu. Y. jrederiksenii, however, differs from Y. enterocolitica only in being able to ferment L-rhamnose, and from Y . intermedia (of the tests in the matrix) only in failure to ferment D-raffinose. Not surprisingly, these taxa therefore interfere in their identification, and as the program would not permit a composite group identification between Y. enterocolitica and Y. frederiksenii it is not surprising that the identification rate was lowest for these two Yersinia species.
Probabilistic iden tijica t ion of fermenters
Statistical evaluation
If the percentage overlap between two taxa in the matrix is large, an unknown belonging to one or other taxon will not score highly with either. An overlap of less than 1.0% is desirable (Sneath, 1980b) . All pairs of taxa overlapped by less than this value, except for Klebsiella oxytoca and K . pneumoniae subsp. aerogenes (overlap 1.4%).
If the matrix is satisfactory, the most typical strain of a taxon should give a high identification score close to 1.000 against its own taxon (Sneath, 1980~) . A much lower score should be given by the second best identity, Of the 110 taxa, six did not achieve a score of >.a999 for the HMO; these were Enterobacter amnigenus (0.998), Klebsiella oxytoca (0.997), Klebsiella pneumoniae subsp. aerogenes (0.992), Neisseria denitrijicans (0-998), Proteus penneri (0.998) and Salmonella subgenus I (0.980).
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G E N E R A L DISCUSSION
The probability matrix of Bascomb et al. (1973) yielded an identification rate of 90.3 % for fermentative bacteria. In the revised matrix the number of taxa has been doubled and the number of tests only slightly increased; yet we obtained an overall 89.2% identification rate. Many of the 'new' taxa were previously included as atypical variants of existing species. For some of these 'new' species there are few conventional differences between them and the species in which they were originally placed; also, not all the useful distinguishing tests were included in the matrix. A decline in the identification rate on the revised matrix was expected, but as this was only 1 % the revision was considered highly successful. In fact the identification rate on the revised matrix could probably have exceeded that on the original had we not chosen to reflect current taxonomic thinking and if we had continued the combination of phenotypically similar (but not closely related) taxa (such as Klebsiella oxytoca and Klebsiella pneumoniae subsp. aerogenes). Newer biochemical tests, and newer methods of performing established tests, have been described since the original matrix of Bascomb et al. (1973) was published. Since, however, we automatically accumulate the test results for every strain we test, we retain the original methods as closely as we can so that the results for each strain remain comparable, even when the strains are received over a period of several years. These traditional methods have stood the test of time, but further tests could well be included in the matrix to aid differentiation of the 'new' taxa (see above).
Farmer et al. (1985~) presented the reactions of 98 different taxa of the Enterobacteriaceae in 47 tests. The reactions were given in percentage form and so although not intended as a probability matrix, the information is readily available for the construction of one. However, problems would arise as the lack of 0.99/0.01 differences would prevent the separation of several pairs of taxa. Thus for a working probability matrix the number of identifiable taxa would have to be decreased, or the number of tests increased. Although the data base they present is smaller than the matrix described here, it is purely for the Enterobacteriaceae, and so for this family it covers a larger number of taxa than does our matrix. A probability matrix for the identification of vibrios and related taxa has been published by Dawson & Sneath (1985) . Half the tests in their matrix comprised the API 20E system and the other half conventional tests. Although their identification rate figures are not directly comparable with ours, it was of interest to note that they also could not differentiate V. Jluvialis and V . furnissii unequivocally on the basis of production of gas from glucose.
For Bascomb et al. (1973) , the factors which determined the success of a probabilistic identification scheme were uncertain. They found no correlation between the successful identification of strains of a taxon and the number of biopatterns which strains of that taxon gave. They did, however, suggest that a successful identification rate could not be assumed (although may be obtained) where there were fewer than two 0-99/0.01 test differences between a particular taxon and the taxon most similar to it in the matrix. There appeared to be no way of determining in advance whether a probabilistic matrix would operate satisfactorily in practice and an empirical trial had to be performed. We have carried out such a trial of our matrix but we have also employed two programs for the statistical analysis of probability matrices. These B . HOLMES, C . A . DAWSON A N D C. A. P I N N I N G showed that almost all taxa in the matrix were suitably discrete and achieved a high identification score for their HMO. All showed the desired level of homogeneity and separation. The results of the statistical evaluation thus corresponded closely to the results of the empirical trial.
We have retained an identification threshold level of 0.999 in the revised matrix to reduce, as much as possible, the risk of misidentification. However, logically, as one increases the number of taxa (as we have done considerably with the revised matrix) the fewer strains one should encounter which do not correspond to one of the taxa in the data base, thereby reducing the overall risk of possible misidentification. Reducing the identification threshold level to 0.990 would have meant that in only one taxon (Salmonella subgenus I) would the most typical strain of the taxon have failed to reach identification level. Nevertheless, we have resisted the temptation to lower the identification level until such time as we have included in the matrix additional tests for the adequate differentiation of the 'new' taxa (see above).
In some cases a combined score for two taxa is needed to reach identification, e.g. Klebsielltz pneumoniae subspp. aerogenes and pneumoniae, which are clearly closely related even if separable. The inclusion of tests to separate such groups, e.g. serological tests, might overload the matrix with tests inapplicable to most taxa. Moreover, for practical purposes, identification to a combined taxon may be sufficient.
It is also obvious from Table 2 that with the exception principally of Enterobacter cloacae, Escherichia coli, Klebsiella oxytoca, Klebsiella pneumoniae subsp. aerogenes and several of the Pasteurellaceae, a very high rate of identification was achieved. Reasons for the poor identification of some taxa are described under the results for separate taxa. Many of the strains of the other taxa which did not identify on our matrix were ones which varied from the expected test results in their taxon; such differences tend to be deliberately ignored by the microbiologist when making a decision on the identification of these strains. It would be useful if the logic of such decisions could be incorporated into the identification program, and at the same time identification would be enhanced if more precise definitions for taxa could be made, removing the weighting of characters so often associated with conventional identification schemes.
The matrix described here should prove of value in the examination of strains in the reference laboratory. With the increasing use of micro-computers, some readers may wish to adapt the matrix for routine laboratory use. This may well involve a reduction in both number of taxa anad number of tests. To aid interested readers, we show in Table 1 those taxa we consider should be retained in any reduced matrix derived from our study. These taxa are those of known, or possible, clinical significance. By using our test selection programs, we have determined frorn the range of tests in the matrix the set of tests with the highest differential value for these taxa. These tests, listed in descending order of differential value, are given as a footnote to Table 1 . This set of 33 tests separates most pairs of taxa in the matrix by at least two tests; 22 pairs of taxa are separated by only one test and three by none. The three pairs of taxa with no tests to separate them are Actinobacillus lignieresi and Pasteurella pneumotropica, Pasteurella multocida (atypical) and Pasteurella pneumotropica, and V. cholerae and V. furnissii ; all these pairs require further taxonomic study. The total number of results obtainable from these 33 tests is 38 and the additional characters are given in parentheses in the footnote to Table 1 . We have not constructed a reduced matrix ourselves, so we cannot vouch for its effectiveness. It is likely that fewer strains would exceed the threshold identification level of 0.999 on the reduced matrix than on the full matrix.This can be overcome by lowering the threshold level as has been done by the manufacturers of commercial identification systems who face similar problems (see, for example, API, 1983) . Lowering the identification level, however, will increase the risk of misidentification . 
